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EXTENDED ABSTRACT
This paper discusses the necessity, successes and
failures of attempts to embed socioeconomic
aspects into integrated natural resource modeling.
It uses experiences in Thailand over the last 20-30
years to illustrate advances and difficulties in this
integration. The paper highlights strengths,
weaknesses and the effectiveness of different
approaches which are used to incorporate
socioeconomic dynamic processes and impacts.
Lessons learnt from Thai experiences starting from
systems thinking and approaches through to
attempts to model agricultural and watershed
systems for management are reviewed. Historically
successes in integrating socioeconomic dimensions
with biophysical analyses lie most often in
interaction with agricultural and natural resource
economists who have more experience dealing
with quantitative methods and “hard” numerical
approaches than other social scientists. The need
for the “soft” side of assessment is recognized but
is not easily realized. Failures to include the
perspectives of anthropologists, psychologists and
sociologists in integrated assessments have been
caused by departmental boundaries, inadequate
linkages between social theories and differences in
the agendas of these fields. Different approaches
to the treatment of socioeconomic variables and
processes are highlighted. Modeling approaches,
such as agent-based systems or multi-agent
systems are more tuned to socioeconomic concerns
but must first pass the test of acceptability by
policy makers who are used to top-down,
simplified approaches to solving problems.
Balancing, or even better, integrating “hard” and
“soft” systems approaches will improve the
relevance and validity of the models to solve
agricultural/natural resource problems.
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1. INTRODUCTION

the increased popularity of crop modeling in
agronomy and farm household modeling and of
impact modeling in economics.
Increased
attention was given to estimation of parameters
and verification of models against the “real world.”

Attempts to include socioeconomic aspects in
integrated modeling in agricultural and natural
resource management started in the 1980s when
soft systems methodologies and agroecosystem
analysis were introduced (Checkland 1981, 1999,
Checkland and Sholes, 1990, Conway, 1985).
Farming systems research and extension (FSR/E)
applied concepts of systems thinking and were a
framework whereby agricultural scientists would
incorporate socioeconomic data and variables into
their assessments of options to improve these
systems (Shanner et al 1982).
This paper
elaborates the development of integrated
agricultural/natural resource modeling in the
context of Thailand.
2.

One question relating to the reliance on these
quantitative, model based approaches for
Integrated Assessment (IA) concerns the role of
social scientists in this “hard” systems approach,
both in Thailand or worldwide. Sociologists and
anthropologists were not involved substantially in
these developments. Agricultural economists have
been engaged in such work but still not to the
extent necessary to embed social and economic
concerns and perspectives in this research. The
integration of “soft” and “hard” systems
approaches, and of biophysical and social sciences,
is crucial but often difficult to realise.

SYSTEMS APPROACH IN
AGRICULTURAL AND NATURAL
RESOURCE MANAGEMENT IN
THAILAND

3.

In Thailand, systems thinking in agriculture started
in the 1980s with a network of Thai universities
working with expatriates experienced in using
systems approaches.
Donors like the Ford
Foundation, and the Canadian International
Development and Research Center were keen to
support activities which incorporated social
science inputs in agricultural management. Chiang
Mai University, Khon Kaen University, Kasetsart
University and Price of Songkla University formed
a network of agricultural researchers gearing their
work and teaching towards a systems approach in
agriculture. Conway’s agroecosystem analysis, as
well as FSR/E work including rural rapid appraisal
(RRA) was also popular in the 1980s-90s among
Thai researchers and practitioners (Ekasingh and
Gypmantasiri, 1985). This systems approach has
brought together many social scientists to work
with natural scientists. Economists, agricultural
economists, sociologists and anthropologists found
their agricultural scientist colleagues much more
interested in social issues and problems with this
systems orientation.

HARD AND SOFT SYSTEMS
INTERFACE: A GAP IN KNOWLEDGE

There are fundamental differences in the two
systems (hard vs. soft) approaches. Soft systems
methods (SSM), like hard systems methods, are
used to solve real-world problems by the
application of system thinking. SSM emerged as
an organized learning system.
Grant and
Thompson (1997) outlined some strengths and
weaknesses of SSM. They state “the theoretical
basis of linking and using these techniques (SSM)
is learning theory rather than general systems
theory.…there is in fact no methodological or
theoretical reason to assume that the consensus
actually reached in any given case will have
anything to do with the systems studied through
quantitative
ecological
models”
(p.45).
Nevertheless, soft system methods can be used by
a skillful facilitator to help a diverse group lacking
in technical knowledge arrive at a consensus plan
for utilizing the knowledge of performance of a
system that is produced by a quantitative model.
Soft systems can be a way of eliciting information
about attitudes and values that are crucial to the
simulation of human dimensions within a
quantitative model.

Much work in the 1980s had the characteristics of
“soft” system approaches. Problem situations
were identified, conceptual models through
systems diagrams were developed, stakeholders
were consulted, and potential improvements to the
systems were identified and implemented. Many
agricultural scientists were very good facilitators,
working intensively with villagers, identifying
their problems and potential improvements.
In the 1990s and 2000s, more work in systems
dynamics and hard systems approaches was
forthcoming in the Thai context. This was due to

One frequently used hard systems approach,
systems dynamics (SD), was developed in the late
1950s (Forrester,1961) The SD paradigm assumes
that things are interconnected in complex patterns
that can be captured by rates, levels and feedback
loops. SD assumes that it is possible capture the
high degree of detailed and dynamic complexity of
the “real world” in a model without loss of
relevance. The model is used to identify, through
experimental simulation, appropriate levels of
control variables to eliminate undesirable systems
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behaviour. Lane and Oliva (1998) argue that
formal modeling aids in correctly representing and
rigorously simulating a system— which is difficult
to do within the human mind for anything but the
most simple system representation. The concept
of bounded rationality (Simon, 1957) means that
“the human mind is not adapted to sending
correctly the consequences of a mental model
(Forrester, 1970)”. As such model simulation is
crucial in the system dynamics approach (Sterman,
2000).

Natural Science
Objectivity
“Reality”

“Optimizing”
“Equilibrium”

Hard systems

Social Science
“Interactions”
Subjectivity
Soft systems

Integrated systems

Figure 2 The make up of integrated systems

Figure 1 displays a spectrum of approaches using
“soft” interpretive modeling and “hard”
quantitative modeling from Pidd (2003). This
figure shows that for a constructivist approach,
axiomatic interpretation of models is more
important than the “reality” assumed and
expressed in quantitative models. Nevertheless,
both types of models are useful and in fact one
needs to find a good balance between them for
certain real world problems. Figure 2 displays the
tendency of models normally built for natural
science, economics and social science applications.
Economists and agricultural economists generally
apply equilibrium or optimizing models, based
strongly on economic theory. Many critiques of
these approaches can be found in the literature
dealing mostly with their assumptions (see for
example Roling, 1999; Moss et al., 2001) although
these models have been found to be especially
useful for regional planning (Letcher et al., 2005).
More progress is being made to incorporate
interactions and subjectivity in social modeling as
reviewed by Bousquet and Le Page (2004).
Interpretive
modelling

Economics

In Thailand, towards the 1990s, soft systems
approaches, as practiced in AEA, RRA, PRA and
FSR/E were losing their popularity, giving way to
work in hard systems approaches such as crop and
dynamic systems modeling, GIS-based modeling
and scenario analysis. Some of the reasons for this
trend were 1) the fatigue of problem-identification,
2) the need for more results- oriented solutions, 3)
the need for more disciplinary rigor, and 4)
progress in computer-based analysis and
technology (see Appendix 1). However, integrated
models of agricultural and natural resource
management that apply the biophysical sciences to
the same extent as the social sciences are rare. This
is due to a variety of reasons, which include
differences in the scales generally considered by
these sciences. The social sciences generally
focuses more heavily on smaller scale applications
(such as smaller groups of farmers) which are not
generally able to be accurately represented with
biophysical models. Alternatively, social scientists
are often unwilling or unable to deal with very
large scales and aggregation over large groups of
individuals. Methodologies that are able to reach a
compromise
between
these
scales
and
representations are required, as well as
understanding of the limitations produced by such
compromises. McIntosh et al. (2005) for example,
call for such integration to occur.

Quantitative
modelling

realism
axiomatic

Constructivist/instrumentalist

4.

Figure 1: A sprectrum of approaches (Pidd, 2003)

INTEGRATED ASSESSMENT (IA) AND
DECISION MAKING PROCESSES IN
NATURAL RESOURCE MANAGEMENT

The need for an integration of models of different
disciplines for tackling “real-world” problems of
natural resource has been recognized and a growth
in integrated natural resource management models
has been well advanced in the literature
(Scoccimarro et al, 1999; Merritt et al, 2004, 2005;
Letcher et al., 2002; Jakeman and Letcher, 2003;
Gilmour et al., 2005). Jakeman and Letcher
(2003), for example, gave examples of developed
and developing country experience (Australia and
Thailand) and have outlined common features of
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integrated assessment in natural resource
management. They stress the importance of IA as
a process, not just as a set of outcomes. The
environmental information systems (EIS) and
computer-based decision support systems (DSS)
resulting from IA work are ways of exploring and
explaining tradeoffs, containing libraries of
integrated
data
sets,
models,
methods,
visualization and other tools. They are a forum for
integration across researchers and stakeholders, as
well as being useful tools for training and
education and for facilitating adoption and
adaptation by stakeholders.

New techniques are being investigated to tackle
decision making problems.
Data mining
techniques are being explored to more easily
capture decision making in the local context,
making use of rich household-level data in
developing countries (Ekasingh et al., 2005;
Ngamsomsuke et al., 2005). Models of crop
choice from data mining exercises for integrated
watershed assessment in Northern Thailand were
validated with field data achieving 95.8% and 86%
accuracy for wet and dry seasons respectively
(Ekasingh et al, 2005). In that study, land
characteristics including soil type, as well as
socioeconomic variables, such as costs of
production, expected profit and land-labor ratio,
were found to be useful in determining farmers’
crop choices. Here, it was found that even without
embedding any prior structure or knowledge in the
decision tree relationships, the data mining
technique reveals structures of decision making not
too far from economic theories. Data mining does
have weaknesses as far as theoretical underpinning
in the social sciences is concerned but in certain
situations, complex social systems can be
simplified in a relatively easy and practical way
using these techniques.

Letcher et al. (2005) stress the importance of
including social and economic sciences in IA work
for natural resource management. The role of
economics and social sciences is to recognize,
understand and represent decision-making
processes as well as the social and economic
impacts resulting from changes in the natural
resource system, including policy interventions,
management strategies and variable climate
forcing.
Moreover, economists and social scientists can
better assist in designing and implementing
participatory approaches to ensure greater
stakeholder involvement in assessment and
management. Decision making models that have
been adopted so far in IA include regional-scale
production models (Letcher et al., 2004; Hall et al.,
1994; Branson, et al. 1998, 1999; Jayasuriya et al.,
2001; Jayasuriya and Crean, 2000; Eigenraam,
1999), representative farm (household) models
(Jayasuriya and Crean, 2001; Jayasuriya, 2000;
Shinawatra, 1988), water demand models (Ringler,
2001; Renwick et al., 1998), agent-based models
(Berger, 2001; Hood, 1999; Bousquet et al., 2001;
Becu et al., 2001; Hare et al., 2001) and decision
tree approaches (Ekasingh et al., 2005;
Ngamsomsuk et al., 2005; Ashby and De Jong,
1982). Common impact models include inputoutput models (Horton, 2002; Woodlock, 1996;
Fischer and Sun, 2001; Leistritz et al., 2002) and
choice models (Morrison et al. 1996; Whitten and
Bennett, 2001; Bennett and Morrison, 2001).

Economic models have been extensively criticized
for their optimization or equilibrium-seeking
assumptions (Roling, 1999; Moss et al., 2001).
Moss et al. (2001) note that the interface between
physical and social modelling has long rested on
damage or response functions which either entered
a cost benefit analysis or served as a target to
measure the effectiveness of response strategies.
These approaches, following standard economic
modellling practice, imply greater predictability in
the environment but do not allow for new
behavioural patterns and social processes to
emerge. The concentration on linear or equilibrium
seeking relationships for representing both
impacts and decisions, as well as the reliance on
income or monetary benefits are often mentioned
as weaknesses of these approaches. Roling (1999),
Gilbert and Troitzsch (1999), Janssen (2002) and
Moss (2001) have argued for more use of agentbased or multi-agent system (MAS) modeling
which is more capable of dealing with social and
political dimensions as it can capture interactions
and relationships between agents as well as the
importance of institutions. Participatory modeling
or companion modeling using MAS has been
developed to make modeling more participatory
and help in a process of model validation
(Bousquet et al, 2002, Bousquet and Trebuil, 2005,
Moss et al 2001). Several models are being
developed in Northern Thailand with promising
results. These models are still used with relatively
small groups of stakeholders (Trebuil et al 2002a,

Economists usually make use of linear
programming or goal programming to address
farmers’ or households’ decisions. Assumptions
are that farmers and households are rational and
that their main objective is to maximize their
income. More complex objectives can be handled
in goal programming and multi-criteria decision
analysis (Lee et al., 1995; El-Gayar and Ping Sun
Leung, 2001).
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2002b, Promburom, 2004, Bernard et al, 2005).
Capacity to upscale to cover larger basin or
watershed may be self-defeating as these models
aim at capturing interactions between people and
in this sense are better used in situations where the
results of such interactions need to be highlighted.
This may limit their use for larger scale
applications.
Another integration approach that has promise for
embedding social and economic perspectives in IA
are Bayesian Decision Networks. These models
capture the cause-effect relationships between state
variables using conditional probabilities. They
have been successfully used to incorporate social
and economic impacts and attitudes to changes
(see for example Ticehurst et al, in press; Ticehurst
et al., 2005), as well as having been applied within
a participatory modeling process.
These
approaches have been successfully applied in
many countries (see for example Varis, 2002;
Varis and Kuikka, 1999; Borsuk et al., 2004) but
have yet to be adopted more broadly for IA in
Thailand.
5.

in this largely model-based assessment. These
problems may be in part because of the relative
youth of such IA methods. At the beginning of the
IWRAM project, methods for engaging a broad
group of scientists and social scientists across two
cultures (Thai and Australian) were in a very early
stage of development. Few of the team had any
experience in working in such a group. As such
distinct groupings occurred between which
integration was in many ways easier to achieve
(eg. between hydrologists and agronomists). In
such a process it can be hard to see how a social
scientist—a non-economist, can contribute in a
meaningful and challenging way to such an
assessment. Linkage between their social theory
(in a broad sense) and practice is often not present.
Without such a link, it is hard to make integrated
work challenging to these groups. On the other
hand, agricultural economists and economists are
usually capable of dealing better with “hard” and
“soft” system dimensions even though their work
is usually entrenched in the assumptions of
economic theory. While these assumptions can be
questioned e.g. assumptions of rationality, profit
maximization, linearity, homogeneity, etc, at least
there are links to economic theory. Additionally
the tools and methods of agricultural economists,
specifically models, more closely resemble those
of ‘natural’ scientists than the techniques
employed by other social scientists.

SUCCESSES AND FAILURES OF
INCORPORATING SOCIAL SCIENCES
IN INTEGRATED WATERSHED
MANAGEMENT MODELING IN
THAILAND

After two decades of attempts to embed
socioeconomic perspectives in IA of agriculture
and natural resources in Thailand, some successes
can be claimed, largely within the agricultural
economist profession.
The inclusion of
agricultural economists in the Faculty of
Agriculture in many Thai Universities has been an
important component of these successes.
Bureaucratic boundaries among Thai departments
have made it difficult for interdisciplinary work.
Attempts to encourage close working relations
between agronomists and agricultural economists
in the Thai Ministry of Agricultural and
Agricultural
Cooperatives
have
proved
unsuccessful when staff are from different
departments with different mandates, politics and
lines of command. In universities, departmental
boundaries are still strong and anthropologists and
sociologists have their own agendas.
The
Integrated Watershed Resources Assessment and
Management (IWRAM) Project worked to build
an interdisciplinary team to develop and use IA as
a tool to assess the sustainability of several Thai
watersheds (see Jakeman et al., 2005). This
project had mixed experiences in embedding social
scientists as part of the IA team. Only agricultural
economists continued to be involved throughout
the life of the project. Part of the reason for this
was the inadequate inclusion of “soft” dimensions

In Thailand, there has been a growth in the use of
multi-agent systems in recent years to overcome
some of the weakness of economic assumptions.
There are increasing numbers of social scientists
involved in agent-based modeling and MAS work
as these approaches use modeling capable of
incorporating the theories of these disciplines
(Janssen and de Vries, 1998, Jager et al 2000,
Moss et al 2001). The concept of emergence,
while essential in all system dynamics work, is
particularly dominant in MAS especially when
dealing with behavior and interactions between
people. Collective action, issues of institutions,
participatory processes and bottom-up “companion
modeling” are highlighted applications of MAS
(Bousquet and Le Page, 2004, Trebuil et al,
2002a,b, Bousquet and Trebuil, 2005).
This
approach and the associated methodology are still
under development and are continually evolving.
The impact of the application of these models to
the solution of natural resource management
problems is also yet to be demonstrated. The
acceptance of this approach and methods by policy
makers, who are used to top-down, simplified,
broad-based cost-benefit approaches is yet to be
tested.
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Other model-based approaches are also becoming
more sensitive to issues of participation and other
social concerns. Ideally a mix of methods should
be applied for different problems. A focus on
process in assessment (see for example Jakeman
and Letcher, 2003; Letcher et al., 2004; Letcher et
al., 2003) means that the role of ‘soft’ systems
approaches in IA can be more easily identified.
The systems work in the Multiple Cropping
Center, Chiang Mai University has included GISbased
decision
support
systems
(DSS)
incorporating inputs from farmers, and costs and
benefits from economists. Evaluations of
agricultural and natural resource systems for
planning purposes have also found economic
inputs useful (Ekasingh, 2004, 2005). The system
is currently a provincial DSS designed to be an
open system capable of linking different sources of
information from different departments and is
simple to understand. Scenario and sensitivity
analysis can be undertaken making use of
biophysical and socioeconomic information. In
this DSS, called DSSARM (DSS for Agricultural
Resource Management), farmers’ indigeneous
knowledge in agriculture is also incorporated but
by crop scientists—who by necessity turn
themselves
into
community-workers-cumresearchers. Depth in the treatment of social
dimensions is surely lost as these scientists are not
trained in the methods of participatory research.
Previous attempts at integrated research with social
scientists on agriculture and natural resource
management
were
not
so
successful.
Interdisciplinary exchanges do take place but
intellectual distance still dominates.

are common in IA but this is not usually due to a
lack of recognition of their importance. Better
ways to work across disciplines, clearer objectives,
and clearer expectations for differed groups are
needed for successful integration of knowledge.
Good leadership which can induce a balanced
contribution between soft and hard sciences is also
essential for such integrated work. As “hard”
models are gaining ground in the 2000s, it is time
to address the balance and bring back the “soft”
models of the 1980s – using the best of both
approaches according to circumstance and purpose
- to improve the relevance and validity of models
if we are seeking a truly balanced integration of
perspectives.
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Appendix 1 Evolution of systems approach at the Multiple Cropping Center, Chiang Mai
University, (adapted from Gypmantasiri 2005)

Soft system methods

System dynamics

1969-74

Productivity
enhancement

1975-78

T&V extension

1979-81

Agroecosystem
analysis

1982-89

1990-2000

2000+

Productivity orientation

RRA
PRA

Agricultural systems
program

Farming
systems/
extension

Dynamic systems
modeling/ simulation

Social learning

Systems orientation

Crop
modeling

MAS

Policy-oriented modeling

Decision support
system
Integrated modeling

Scenario work
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